Abstract. Doctoral students are traditionally encouraged to focus their studies on a relatively narrow research topic. In this paper we present a novel postgraduate course for doctoral students that prepare them for working life after graduation, be it in academia or industry, by giving them a wider perspective. The full academic year course is built around multidisciplinary and multinational teamwork assignments, top class guest lectures from industry leaders, and an intensive study tour to a globally recognized region of research, innovation and business. The course adapts Nokia's top management training program to the academic environment. In this paper we describe the course structure and analyze key learnings from nine years of running the course.
Introduction
Humankind is facing major global challenges like climate change, energy, poverty, and population growth. Meanwhile, science and technology in areas like information technology and materials sciences are developing quickly. Health and environmental aspects bring additional complexity to research and development activities. In these areas, research breakthroughs and their commercialization are increasingly made through multidisciplinary collaboration between research disciplines, or the industry-academia interface. In both cases the innovator's ability to actively take part in international networks plays an important role [1] . However, doctoral students are traditionally encouraged to focus their studies on a relatively narrow topic [2] . This is not in line with the above mentioned aspects, especially when considering the big changes a young PhD is likely to experience in their working environment during their 40-plus year career.
Large corporations often have intensive top management training programs that enhance collaboration across company divisions and geographic locations. Creating business and technology foresight and increasing understanding of the long term competitive position of the corporation in global markets is emphasized [3] . The authors Ormala and Neuvo have both taken part in Panorama, Nokia's top management training course. The Bit Bang course series is an adaptation of Panorama to the academic environment. The name "Bit Bang" comes from the first course taught in the academic year [2008] [2009] , where the theme of the course was the impact of digitalization on industry and society.
The idea for the first Bit Bang course emerged when the first author, after retiring from Nokia, became involved in setting up Aalto University, a merger of three leading Finnish universities in their respective fields: Helsinki University of Technology, Helsinki School of Economics and the School of Art and Design. The course was established based on the observation that the generic skills taught in corporate management training programs are to a large extent essential in academic environments as well. The first course was a success, and gave incentive to continue the course during the following years.
We believe that the Bit Bang course series also increases company interest to hire young doctors to work on complex challenges. According to Post Docs in Companies, a Finnish matchmaking program that supports the employment of young PhDs, there is a large variation between countries in the percentage of doctors employed in the private sector [4] . We believe that, for example in Finland, there is a clear need for improvement.
The Bit Bang Course Structure
The basic admission requirement to the course is enrollment in a doctoral degree program. Students are selected based on motivation letters answering the question "Why is this course valuable to me?" The annual intake is approximately 24 students and the course aims for maximum diversity across research disciplines, nationality and gender. Typically we have approximately 12 different nationalities attending the course.
In the beginning of the semester the attending doctoral students are divided into four teams of 6 persons each, with maximum diversity among the disciplines, nationalities and genders in each team. This setup lays stringent requirements for the teamwork skills of the students. The semester begins with teamwork training and the topic is revisited in the beginning of the spring semester. During the first two weeks of the semester the teams are asked to propose teamwork topics related to the general theme of the year. The teams then write a scientific article on their chosen topic by the end of the semester. We encourage the teams to come up radical or even controversial topics that they would not otherwise cover in their research.
To promote teamwork skills and maximum exposure to different ways of thinking, the teams are reshuffled halfway through the year. The reshuffled teams again come up with the teamwork topics and write articles. Thus at the end of the course we have eight innovative articles that are collected and published in book form. Each team is supported by an experienced tutor, who is a Bit Bang alumni. Tutoring has turned out to be quite important as student readiness to work in teams varies greatly, and the teamwork paper requires a significant amount of time and commitment.
The class meets on a weekly basis to present and discuss the course textbooks chapter by chapter. Distinguished guest lecturers from industry and academia complement the course literature. The atmosphere of the course supports active participation of all students in discussions and debates.
The highlight of the course is a week-long intensive study tour to a globally recognized region of research, innovation and business. Locations are refined based on the ability of the course staff to organize suitable company and academic visits, as well as cost issues. Over the years the course has visited a number of Asian and North American cities. Prior to the study tour the teams prepare a short synopsis of each company visit, and after the tour summaries of the learnings from the visits are documented in the course publication. The value of the tour is immense, both from the perspective of broadening the students' view on global developments, as well as strengthening the team spirit of the attendees. One of the greatest outcomes of the course has been the creation of new connections and contacts across the different disciplines and nationalities present on the course, as well as the alumni network that this creates.
The contents of the Bit Bang courses including links to publications are shown in Table 1 . Each publication introduces the students, contains the eight group work articles produced in the course, and provides detailed documentation of the study tour. A limited number of printed copies of the most recent Bit Bang books are available from the authors. 
Discussion
The Bit Bang course has been running since 2008. The course has received an extremely positive response from students and is highly valued by Aalto University. There is definite interest to adapt the course concept for Master's level students. However, scaling the course to a large number of students would require major changes to the course structure, with the risk of losing some of the benefits. Scaling up the volume would also increase the cost of the course. The course in its current form is already quite expensive to run.
Papers produced by students during their Bit Bang collaboration have produced interesting results: many have gone on to write conference papers and journal articles based on the joint publication written in class. The cross-disciplinary nature of these papers has led them to be picked up by Finnish national media as well, as they are often written on radical topics that spark widespread interest.
The students are given a heavy workload, and working teams are formed to promote maximum diversity among the students. The heavy workload of the class has also led to some dropouts, which can be difficult given the small class size, and the established team roles among the students. To help counteract this, the students are given teamwork training, and a sense of community is fostered among the group by encouraging them to spend time together outside of the classroom setting.
We have now produced 8 classes of alumni, many of whom still actively attend Bit Bang events. The community gathers at the end of each term at the closing seminar in which the research conducted by the teams is presented. As the alumni are scattered around the world, there always seems to be one or two who are located where our study tour is heading. It has been a pleasure to let them participate in the local activities. We are currently conducting a study of the approximately 200 alumni to find out how they currently value the course and how their careers have progressed after graduation.
